This paper discusses the automatic generation of rich metadata from excavation reports from the Archaeological Data Service library of grey literature (OASIS). The work is part of the STAR project, in collaboration with English Heritage. An extension of the CIDOC CRM ontology for the archaeological domain acts as a core ontology. Rich metadata is automatically extracted from grey literature, directed by the CRM, via a three phase process of semantic enrichment employing the GATE toolkit augmented with bespoke rules and knowledge resources. The paper demonstrates the potential of combining knowledge based resources (ontologies and thesauri) in information extraction, and techniques for delivering the automatically extracted metadata as XML annotations coupled with the grey literature reports and as RDF graphs decoupled from content. Examples from two consuming applications are discussed, the Andronikos web portal which serves the annotated XML files for visual inspection and the STAR project, research demonstrator which offers unified search across of archaeological excavation data and grey literature via the core ontology CRM-EH.
Introduction
In archaeology today, we see digital libraries of grey literature reports and of excavation datasets but they are not meaningfully connected. This paper discusses Andreas Vlachidis · Ceri Binding · Douglas Tudhope Hypermedia Research Unit, University of Glamorgan, UK e-mail: avlachid@glam.ac.uk, cbinding@glam.ac.uk, dstudhope@glam.ac.uk Keith May English Heritage, UK e-mail: keith.may@english-heritage.org.uk the automatic generation of metadata that makes possible semantic search of grey literature connected with diverse archaeological datasets. Such metadata enjoy definitions that enable information retrieval and cross searching on the semantic level via ontological and terminological models and references. Thus they are described here as "rich metadata". The work forms part of the broader Semantic Technologies for Archaeological Resources (STAR) project, which employs the CIDOC CRM (International Council of Museums Conceptual Reference Model) and its archaeological extension, CRM-EH, as a core ontology providing a contextual framework between different types of information sources and disparate datasets [15, 18] . In collaboration with English Heritage (EH), the STAR project has developed methods for linking digital archive databases, vocabularies and unpublished excavation reports for purposes of semantic cross search. The CRM-EH is necessary for expressing the semantics and complexities of relationships between the data elements and annotations, which underline semantically defined archaeological user queries. The project has also employed knowledge resources, such as EH domain glossaries and thesauri, expressed as SKOS vocabularies [12] . These knowledge resources assist semantically defined queries and NLP information extraction from excavation reports.
An extract from the OASIS (Online AccesS to the Index of archaeological investigations) grey literature library, provided by the Archaeological Data Service, forms the STAR free text corpus. The term grey literature is used to describe documents and source materials that cannot be found through the conventional means of publication -many excavation reports exist in this format. The OASIS project is a joint effort of UK archaeology research groups, institutions, and organisations, coordinated by the University of York [13] . It aims to improve the communication of fieldwork results to the wider archaeological community.
This paper reports on an investigation of automatic methods for generating rich metadata that connects concepts via the ontological arrangements of the CIDOC CRM and CRM-EH and via the terminological SKOS definition of adopted vocabulary (English Heritage thesauri).
The CIDOC CRM is an international standard (ISO21127:2006) semantic framework, aiming to promote shared understanding of cultural heritage information [8. 10] . The CRM is capable of mapping any type of cultural heritage information, as published by museums, libraries and archives [2] . Extensibility is an important aspect; the CRM can be specialized when it is required by a domain. A finer granularity of detail can be expressed for domain purposes while still retaining interoperability at the core CRM level.
A particular extension of CRM that addresses the needs for semantic interoperability in the archaeology domain is the English Heritage (EH) extension. Based on the archaeological notion of context, modeled as a subclass of CRM Place, the CRM-EH ontology describes entities and relationships relating to a series of archaeological events, both in the past and present (ie during excavation) [7] .
